Technical Report W-94-1

March 1994

US Army Corps

of Engineers
Waterways Experiment
Station

Water Quality Research Program

Sediment Oxygen Demand and Its
Effects on Dissolved Oxygen
Concentrations and Nutrient
Release; Initial Laboratory Studies

by Cynthia B. Price, Carl Cerco, Douglas Gunnison

Approved For Public Release; Distribution Is Unlimited

Prepared for Headquarters, U.S. Army Cdrps of Engineers




The contents of this report are not to be used for advertising,
publication, or promotional purposes. Citation of trade names
does not constitute an official endorsement or approval of the use
of such commercial products. -

L i
% PRINTED ON RECYCLED PAPER




Water Quality Research Program Technical Report W-94-1
March 1994

Sediment Oxygen Demand and lts
Effects on Dissolved Oxygen
Concentrations and Nutrient
Release; Initial Laboratory Studies

by Cynthia B. Price, Carl Cerco, Douglas Gunnison

U.S. Army Corps of Engineers
Waterways Experiment Station
3909 Halls Ferry Road
Vicksburg, MS  39180-6199

Final report
Approved for public release; distribution is unlimited

Prepared for U.S. Army Corps of Engineers
Washington, DC 20314-1000

Under Work Unit 32694

AT o




HEADOUARTERS
BUNLDIHG

US Army Corps
of Engineers
Waterways Experiment
Station

=

H ;‘.zl y FORINFORMATION CONTALT
{7

ENVIROMMENTAL S ! PUBLIC AFFAIRS OFFICE
LASGRATORY e o 2 ! U.S. ARMY ENGINEER
N WATEAWAYS EXPERIMENT STATION
% ‘ 3909 HALLS FERRY ROAD
VICKSBURG, MISSISSIPP) 39150-8199
=5 PHONE : (801)634.2502

]
{l LABORATORY

SeME

00 ] otm
S T s —— ereay —

MEABFHESEﬁvATm-EJnH

Waterways Experiment Station Cataloging-in-Publication Data

Price, Cynthia B. ‘

Sediment oxygen demand and its effects on dissolved oxygen concentrations
and nutrient release : initial laboratory studies / by Cynthia B, Price, Carl Cerco,
Douglas Gunnison » prepared for U.S. Army Corps of Engineers.

54 p.:ill. ; 28 cm. — {Technical report ; W-94-1)

includes bibliographical references.

1. River sediments. 2. Water — Dissolved oxygen. 3. Lake sediments. 4. Es-
tuarine sediments. |. Cerco, John C. I Gunnison, Douglas. Iil. United States.
Army. Corps of Engineers. V. U.S, Army Engineer Waterways Experiment Sta-
tion. V. Water Quality Research Program. VL. Title. VII. Series: Technical re-
port (U.S. Army Engineer Waterways Experiment Station) ; W-94-1.TA7 W34
no.W-94-1 '




BRI IR,

RS AL e

T T

2 M e K,
R i

R,

il

Contents

Preface .. ... . iv
I—Introduction . ............ . .. 1
Background ....... ... ... .. .. ... . .. ... .. e 1
Objectives ............couiuniin .2
2—Materials and Methods ..................... . ... ... ... . 3
Sample Collection . ......... F 3
Test-Tube Studies .............. e e 5
Column Studies . . .............. .. ... ... . . ... 6
3—Computation of Sediment-Water Fluxes . ................ ... .. 10
Test-Tube Measures .................... ... ... . ... ... 10
Nutrient and Carbon Fluxes in Columns . ... .............. ... . 10
Sediment Oxygen Demand in Columns . ...................... 12
A—Results . ... .. ... e 14
TestTube Study I ...................... e eres e, 14
TestTube Study IT .. .............. ... . 14
Brown’sLake Column Study ...................... ... .. .. . 15
Rathbun Lake Column Study ..................... ... ... 16
Chesapeake Bay Column Study . .................0.. 0. ..., 23
Eau Galle Reservoir Column Study .. ................0ooo. ... 26
Chicago River Column Study ..................... ... ... . 29
S5—DISCUSSION . . ... 36
TestTube Study I . ... ... ... e 36
TestTube Smdy I .. ... ... ... ... . 36
ColumnStudies . .............................. .. e 37
6—Conclusions and Plans for Future Activities . ................... 39
References .......... ... ... .. ... .. e 40
Appendix A: Data for Column Studies . . ....................... Al
SF 298 '




iv

Preface

The work reported herein was conducted as part of the Water Quality
Research Program (WQRP), Work Unit 32694, The WQRP is sponsored by
the Headquarters, U.S. Army Corps of Engineers (HQUSACE), and is assigned
to the U.S. Army Engineer Waterways Experiment Station (WES) under the
purview of the Environmental Laboratory (EL). Funding was provided under

‘Department of the Ammy Appropriation No. 96X3121, General Investigation,

The WQRP is managed under the Environmental Resources Research and
Assistance Programs (ERRAP), Mr. J. L. Decell, Manager, Mr. Robert C,
Gunkel was Assistant Manager, ERRAP, for the WQRP. Technical Monitors
during this study were Mr. Frederick B. Juhle, Mr. Rixie Hardy, and Dr, John
Bushman, HQUSACE. - :

The study was conducted by Ms. Cynthia B. Price of the Ecosystem Pro-
cesses and Effects Branch (EPEB), EL, WES. Laboratory support in conduct-
ing this investigation was provided by Mr. Scott P. Towne of the EPEB.

Dr. Carl Cerco of the Water Quality and Contaminant Modeling Branch
(WQCMB) and Dr. Douglas Gunnison of the EPEB, EL, assisted with techni-
cal review of the study and preparation of the report,

The study was conducted under the direct supervision of Dr, Richard E.
Price, Acting Chief, EPEB, and under the general supervision of
Mr. Donald L. Robey, Chief, Environmental Processes and Effects Division,
EL, and Dr. John Harrison, Director, EL. The report was reviewed by
Dr. James Brannon and Dr. Craig Smith, EPEB.

At the time of publication of this report, Director of WES was
Dr. Robert W. Whalin. Commander was COL Bruce K. Howard, EN.

This report should be cited as follows:

Price, C. B., Cerco, C., and Gunnison, D. (1994), “Sediment
oxygen demand and its effects on dissolved OXygen concentrations
and nutrient release; initial laboratory studies,” Technical Report
W-94-1, U.S. Army Engineer Waterways Experiment Station,
Vicksburg, MS.




' 1 Introduction

A T

Background

Dissolved oxygen (DO) in the water column of rivers, lakes, and estuaries
i is an important determinant of water quality. Sediment oxygen demand (SOD)
: is a key contributor to undesirable low DO levels (Giga and Uchrin 1990).
SOD is the rate of oxygen removal from the overlying water column due to
the decomposition of settied organic matter. SOD encompasses oxygen
consumption through biological activity in sediments and through the chemical
oxidation of reduced species, including Fe**, Mn™, and §* (Wang 1981). In
addition to DO depletion, degradation of organic matter in the sediment results
in the release of nutrients and metals, such as ammonium, phosphorus, nitro-
gen, iron, and manganese, into the water column. DO depletion may also
cause release of toxic substances. Anoxic conditions combined with release of
toxic substances can lead to severe water quality problems (Gunnison, Chen,
and Brannon 1983),

Understanding SOD and its related processes is necessary to assess the
impacts of sediment-water interactions on U.S. Army Corps of Engineers (CE)
water resource projects, including reservoirs, navigation projects, and water-
control structures. Predicting the effects of CE projects on water quality has
been difficult due to the lack of standard methods to accurately measure,
quantify, and predict SOD.

. Several different measurement techniques for determining SOD are cur-
rently being used by various agencies. These include in situ techniques in
which an enclosed chamber is installed at the sediment surface and techniques
in which sediments are removed to the laboratory for analysis. Both methods
have advantages and disadvantages. In situ measurements minimize sediment
disturbance. The major disadvantage of this type of system is that the DO
level in the water trapped under the chamber declines during measurement
making it necessary to periodicaily aerate the chamber in order to continue to
_ obtain reliable SOD fluxes. Ensuring a good seal to the sediment surface is
! another difficulty. Laboratory measurements allow for closer control of system
: variables, such as temperature, water velocity, and light. However, a key
disadvantage in laboratory SOD measurements is the necessity for field
verification.
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Obj‘ectives

One objective of this project is to develop a measurement technique for
SOD that is easily applicable and requires a minimurm of equipment. This has
necessitated the development of an integrated, universally applicable CE-wide
method to analyze SOD in both freshwater and estuarine systems.

The U.S. Army Engineer Waterways Experiment Station (WES) is currently
developing laboratory techniques interactively with model development to
measure, evaluate, and predict SOD for CE water resource projects. Initial
investigations by the WES consisted of conducting a literature review and
hosting a workshop to determine the state of the art of SOD research (Cerco,
Gunnison, and Price 1991 and Price 1991). The panel discussion conducted
during the workshop focussed on process- and modeling-related issues, interac-
tive laboratory and model development, and the relative significance of SOD
processes and optimum representation of such processes in models.

These initial laboratory experiments were conducted to provide a method
for measurement of SOD and to evaluate major sources of SOD in a defined
system. The swdies have also provided a database for investigating an
available mechanistic model of SOD and nutrient release. The existing sedi-
ment model has been extensively employed in only one system, Chesapeake
Bay. Its applicability for a wide range of systems needs to be tested.
Comparison of model and laboratory experiments will indicate pathways for
improving and modifying both the model and existing laboratory techniques.

Chapter 1 Introduction




2 Materials and Methods

Test tubes and 20-¢ columns were used to simulate bedded sediments with
an overlying water column. The systems were allowed to develop anaerobic
conditions naturally, Nutrient release and DO depletion were followed over
time. Analytical methods for DO, ammonium-nitrogen, orthophosphate-
phosphorus, nitrate-nitrogen, total organic carbon, and total inorganic carbon
are presented in Table 1. Initial studies employed test tubes to allow for faster
formation of anaerobic conditions due to the small DQ capacity of the over-
lying water column. The Teplacement of water removed through sampling was
also avoided because the test tubes were used as sacrificial samples. The
second tube study was initiated to compare the SOD rates of sediments con-
taining different concentrations of organic matter. Tubes were again used to
avoid water replacement and to allow for a greater number of samples. Large-

- scale (20 §) column testing was conducted to allow for lengthy experiments

with DO manipulation of the overlying water column. The large water volume
of the columns allowed water lost through sampling to be replaced without
creating major changes in the water column chemical composition through
dilution with makeup water.

Sample Collection

Sediments used in the laboratory studies included Brown’s Lake, WES,
Vicksburg, MS; Rathbun Lake, Wayne County, 10; Chesapeake Bay, upper
bay Station R-64, MD; Eau Galle Reservoir, WI; and the north branch of the
Chicago River, IL.. Sediments were collected using a ponar grab dredge and
were refrigerated in sealed containers at 4°C prior to use. The first sediment -
investigated, Brown’s Lake, was selected because of its availability, known
physical characteristics, and use in past studies. The remaining sediments were
selected due to their variability in origin and physical characteristics (Table 2).

Chapter 2 - Materials and Methods
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;gz:?nznts Used In Test Tube and Column Studies
Particle Size

Fraction
Sediment Location Solids %OM' | %Sand | %St %Clay
Brown's Lake Mississippi 04513 1.82 5 70 25
Rathbun Lake lowa 0.6505 2.09 a8 8 4
Chesapeake Bay Maryland 0.7496 2.85 52 38 10
Eau Galle Reservoir | Wisconsin 0.3627 6.62 52,5 40 75
Chicago River tHinois 0.303 696 | 25 17.5 75
' 9%0M = Percent Organic Matter.

Test-Tube Studies

Study |

Initial laboratory studies consisted of test tubes simulating a bedded sedi
ment with an overlying water column. Fifty-milliliter glass test tubes were
loaded with 10 g of Brown’s Lake sediment amended with 1-percent organic
matier. Freeze-dried Hydrilla, an available and easilydegradable plant material,
was used for all organic matter amendments. The sediment was covered with
40-m! distilled-deionized water, and the tubes were sealed with rubber stop-
pers. All wbes were incubated at room temperature (23°C). Dissolved oxygen
consumption and nutrient release were determined over a 36-day period. Sam-
pling for DO, ammonium-nitrogen, and orthophosphate-phosphorus was con-
ducted on days 0, 1, 3, 7, 11, 31, and 36 of the incubation period. Three
separate tubes were sacrificed at each sampling time.

Study i

Tests in Study I were identical to Study I, except samples were also taken
for nitrate-nitrogen and total organic carbon (TOC). Additional sets of test
tubes containing sediment amended with 1-, 5-, and 10-percent organic matter
were used for this study. Sample times also varied; samples were taken on
days 0, 1, 2, 6, 11, 16, 23, and 36.

Chapter 2 Materials and Methods




Column Studies

Twenty-liter Plexiglas columns were used to determine SOD and the release
of nutrients from bedded sediments to the overlying water. All measures were
run in triplicate. Columns were loaded with approximately 15 cm of sediment
(3,600 g wet wt.) and overlaid with 102-cm distilled water (15.7 &. The col-
umns were incubated at 25°C in a walk-in environmental chamber. Dissolved
OXygen, ammonium-nitrogen, orthophOSphate-phosphorus, nitrate-nitrogen, total
organic carbon, and total inorganic carbon were measured according to the
following schedule. Four samples (60 ml each) were taken the first week, on
days 0, 1, 5, and 8. All other samples were collected at 7-day intervals start-
ing on day 8. Duration of experiments varied. In some instances, in order to
distinguish aerobic from anaerobic sediment-water exchanges, columns were
reaerated during the experiments. Duration of experiments and occurrence of
reacration intervals are summarized in Table 3. Analytical methods were
identical to those in the test tube studies.

Table 3 :

Duration of Column Studies

Sediment Source Duration, Days Aerated at Days
Brown's Lake 67 107
Chesapeake Bay 178 49, 132
Chicago River 118 93

Eau Galle Raservoir 118 83

Rathbun Lake 132 42, 99

Two methods were employed to seal the sediment-water systems from the
atmosphere. For the Brown’s Lake sediments, a 2-cm layer of mineral oil was
applied to the water surface to seal the system from atmospheric contact
(Figure 1). A plunger was lowered into the water column of each unit and left
in place. The plungers were used to thoroughly mix the water columns daily.
For the remaining experiments, scaling from atmospheric contact was accom-
plished using Plexiglas lids (Figure 2). These lids provided an improved seal
from the atmosphere. The sealed Plexiglas column covers required a fixed
volume of water overlying the sediments, Therefore, water removed during
sampling was replac_ed with nitrogen-sparged distilled water, The overlying
water was continuously mixed by means of micro-circulating pumps at a speed
of 210 ml/min. ‘

In order to isolate sediment-water exchanges from processes occurring in
the water column alone, water samples were collected at each sample interval
nd incubated in 60-ml biochemical OXygen demand (BOD) bottles. Samples
were incubated for 7-day periods before analysis was conducted for DO, nutri-
ents, and carbon. ‘

Chapter 2 Materials and Methods
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Figure 1.  Plexiglas column used to determine SOD and nutrient release from Brown’s Lake
sediment
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Water Column —

Figure 2. Revised Plexiglas column including sealing lid and pump
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Reaeration rate studies were conducted to determine if the columns
exchanged DO with the atmosphere. These studies were conducted on col-
umns containing 20 ¢ of distilled water only. The water was sparged with
nitrogen to force DO below saturation concentration. Dissolved oxygen was
monitored over time. An increase in DO indicated exchange with the
atmosphere.

Chapter 2 Materials and Methods
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3 Computation of Sediment-
Water Fluxes

Test-Tube Measures

Sediment-water exchanges can be measured in numerous fashions. One
method, adopted here, is to enclose a fixed volume of sediment and overlying
water. Sediment-water exchanges are inferred from concentration changes in
the water column. A Cconcentration increase means material moved from sedi-
ments to water. A concentration decrease means material moved from water 1o
sediments. An equation based on this principle was employed to quantify
sediment-water fluxes in the test-tube studies;

Fsw = _;‘_’(cf - )Mt 1

Fsw = sediment-water flux (M L2 T
V = volume of overlying water (13)
A = area of sediment-water interface (L2)
Cg= concentration in water at end of incubation M L3)
C,= concentration in water at béginning of incubation (M L'3)

At= length of incubation (T)

Nutrient and Carbon Fluxes in Columns

. Flux computation via Equation 1 can be confounded by substance
transformations in the water column, For example, nitrification of ammonium
to nitrate would influence the computation of sediment-water fluxes of both

Chapter 3 ‘Computation of Sediment-Water Fluxes




these nitrogen fractions. In order to comectly compute sediment-water
exchange, a “blank™ or “control” incubation of water alone must be conducted.
Transformations in the water alone are subtracted from transformations in the
sediment-water column to isolate sediment-water exchanges. The previously
described BOD bottle incubations served as “controls” in these experiments.

The computation of sediment-water fluxes is based on a mass-balance equa-
tion that describes the water column:

ACq = FS;"IA‘ + TwAt V)

ACy = concentration change in water column (M L3 T}
H= depth of water column (L)
Tw= transformation in water column (M L3 T1)
Equation 2 states that total concentration change in the water is the sum of
sediment-water fluxes and water column transformations. Flux from sediment
to water is defined as positive. Concentration change and water-column trans-

formations can be expressed in terms of quantities measured in the experi-
ments: '

FAt

Cf - Ci = + (BODf - BODI) At : (3)
BOD; = concentration in BOD bottle at end of incubation (g 3
BOD, = concentration in BOD bottle at beginning of incubation (g -3y

In the experiments, initial concentration in the water and BOD bottle were

equal, Substituting this equivalence into Equation 3 and solving for flux
yields:

H R
F = E(Cf - BODf) (4)

Chapter 3 Computation of Sediment-Water Fluxes
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Sediment Oxygen Demand in Columns

During the incubations, no exchange of nutrients or carbon with the exter-
nal environment takes place, Some exchange of DO oxygen with the atmo-
sphere is inevitable, however, during lengthy incubations. These exchanges
occur when samples are collected or else through leakage. Small exchanges of
Oxygen are no problem but must be accounted for in the computation of sedi-
ment oxygen demand.

Table 4

Several experiments were conducted to examine

‘ and quantify atmospheric oxygen exchange. For the
Reaeration in Oll-Sealed oil-sealed columns, no definitive increase in oxygen
Columns occurred when samples were collected (Table 4).

. || Dissolved oxygen did increase over a 14-day incu-
Dissolved O s . . . . .
Day mg/t Vol Sygen bation, however, indicating diffusion through the oil
film or leakage in the apparatus, The oxygen
0 222 exchange was treated as a reaeration process. The
1 3.03 : reaeration rate was determined by fitting the data to
2 3.03 the equation: .
Kt
3 a3.23 - e (5)
6 8.23 : D) = Dye
7 8.23 D(t) = DO deficit at time t (g m"3)
9 351
» . Dy = initial DO deficit (g m™3)
K = reaeration rate (m day’l)
The reaeration rate for the oil-sealed columns was 0.021 m day'1
(R2 = 0.82). The mass-balance equation (Equation 2) was modified to reflect
reaeration:
F At "
Cr - C; = 222 + (BOD, - BOD) At _gccsat -Cp)  ®
Csar = saturation DO concentration Egm3)
Cn =mean DO during incubation interval (g m'3)
Noting the equivalence of initial concentrations in the water column and
BOD bottles and solving for flux yields: '
12
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SOD = %(cf - BODp - K(Cy - Cp) )

By convention in this report, negative sediment oxygen demand is transfer
of oxygen from water to sediments.

Following the initial set of sediment-water flux measurements, the oil-seal
on top of the columns was replaced with a fixed seal. An experiment indi-
cated no atmospheric oxygen seeped into the redesigned columns (Table 5).

Table 5§
Reaeratloh in Completely Sealed Columns
Dissolved Oxygen Dissolved Oxygen
Day No Sample Replacement, mg/t | Sample Replacement, mgit
0 '4.00 3.99 '
1 400 413
IIE 3.98 4.34
" 7 399 4.49

Some oxygen (= 0.15 g m3) was introduced by sample replacement, however.
The mass-balance equation was modified to account for the dissolved oxyge
introduced by sampie replacement: ‘

FAt

Ce-C; = + (BOD; - BOD;) At + AC, 8

AC, = dissolved oxygen introduced by sample replacement (g m)

Noting the equivalence of initial concentrations in the water column and BOD
bottles and solving for flux yields: '

SOD = %(Cf - BOD; - AC) ©)

1
Chapter 3 Computation of Sediment-Water Fluxes 3
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4 Results

Test Tube Study |

Results for these measures are presented in Figure 3 and Table 6. Dis-
solved oxygen concentrations dropped from 9.0 to 0.20 mg/ in 36 days.
Initially, DO declined rapidly and reached a steady state within the first week.
The SOD flux ranged from -300 1o -3.0 mg/mzlday. Positive numbers repre-
sent DO release from the sediment,

Ammonium-nitrogen levels measured in the overlying water increased over
time reaching a peak of 0.048 mg/¢ at 30 days and leveling off to 0.042
mg/e. Orthophosphate—phosphoms concentrations also increased, measuring
0.165 mg/t in 36 days. A sharp increase in concentration occurred between
sample days 31 and 36.

Test Tube Study Il

Data for this study are presented in Table 7, Dissolved OoXygen concen-
trations decreased from 8.80 mg/t to 0.29 mg/e during the 36-day test interval
(Figure 4). DO depletion levels of the three organic matter treatments did not
differ significantly at any time. Sediment oxygen demand ranged from
-525 mg/mzlday at time 0 to -2.0 mg/mzlday on day 36 (Figure 4). Overlying
Wwater nutrient concentrations are presented in Figure 5. Ammonium-nitrogen
concentrations increased in all three amendments over time. Initial concentra-
tions in the water measured 0.002 mg/t with final concentrations averaging
0.068 mg/t on day 36. Ammonium concentration data revealed no significant
difference between the three treatments, Orthophosphate-phos_phoms
concentrations increased to 0.140 mg/¢ on sample day 6 and decreased to an
average of 0.066 mg/t by day 36. The different amendments showed no sig-
nificant effect on phosphorus concentrations. Concentrations of nitrate-
nitrogen initially increased to an average of 0.118 mg/¢ on sample day 6 and
decreased to an average of 0.066 mg/¢ by day 36. The three sample treat-
ments showed no significant difference. Total organic carbon concentrations
increased from 0 mg/g to an average of 32.8 mg/t by day 6. Following this,
TOC levels began decreasing to an average final concentration of 12.8 mg/g,

Chapter 4
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Figure 3.  Dissolved oxygen and nutrient concentrations measured in the overlying water of
Brown’'s Lake sediment

with the 10-percent organic matter-amended tubes maintaining the highest
TOC of 14.5 mg/t on sample day 36. :

Brown’s Lake Column Study

, Dissolved oxygen, nutrient, and carbon concentrations and fluxes are pre-
sented in Figures 6 and 7. Sediment-water fluxes are summanzed in Table 8.
i Results are presented separately for DO greater than 2 g m™ and less
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;lasbsigl\sred Oxygen and Nutrient Concentrations! Measured In the Overlying
Water of Test Tube Study |
’ Sample DO Ammonium | Ammonium Orthophosphate Orthophosphate
Date DO Flux Nitrogen Nitrogen Flux Phosphorus Phosphorus Flux
0 8.12 0.001- 0.003
1 6.85 -328.52 0.0003 -0.096 0.004 0.096
3 222 -334.54 0.026 1.85 0.021 1.27
7 0.37 - 66.84 0.031 0.169 0.036 0.53
11 0.46 3.25 0.023 -0.289 0.012 -0.867
31 0.21 -1.78 0.048 0.185 0.046 0.246
36 0.2 -0.29 0.042 -0.193 0.036 -0.289
50 0.63 4.44 0.026 -0.158 0.165 1.33
T Al concentrations are in mg/t
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than 2 g m3, The separation allows for the influence that DO exerts on
sediment-water fluxes, Concentrations and fluxes are listed completely in
Appendix A. Dissolved Oxygen concentrations decreased from initial levels of
9.15 mg/t to 0.60 mg/l in 50 days. An initial rapid decrease in DO occurred
up to day 7; this was followed by a slower decline over the duration of the
study. Ammonium-nitrogen concentrations increased from 0.002 at time Oto
0.024 mg/¢ by day 7, then fell back to <0.01 mg/. Orthophosphate-
phosphorus increased to 0.45 mg/l on day 19 and began to decline, reaching
0.029 mg/t by day 50. Nitrate-nitrogen rose to 0.228 mg/e on day 12, then
decreased to 0.007 mg/¢, and remained relatively stable for the remainder of
the study period. Total organic carbon measurements fluctuated, reaching a
peak of 11.7 mg/¢ by day 19 decreasing to 1.77 mg/¢ by sample day 50. Total
organic carbon levels fluctuated around a level of 8 mg/¢ for the first 35 days
of incubation, then fell off after time.

Rathbun Lake Column Study

Dissolved oxygen, nutrient, and carbon concentrations and fluxes are pre-
sented in Figures 8 and 9, Sediment-water fluxes are summarized in Table 9,
Results are presented separately for DO greater than 2 g m3 and less than
2 gm™. Concentrations and fluxes are listed completely in Appendix A.
During three successive aerobic/anaerobic cycles, DO concentrations consis-
tently exhibited initial rapid declines in the first 7 days after aeration, All DO
levels fell to an average of 0.50 mg/¢ at the end of each cycle. Ammonium-
nitrogen levels increased over the course of each cycle and peaked
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approximately 30 days after reaeration. Concentrations reached peaks of

0.040, 0.066, and 0.047 mg/¢ in each cycle, respectively. Orthophosphate-
phosphorus concentrations increased in each cycle and reached steady state
after approximately 30 days into each run, Peak concentrations were 0.040,
0.066, and 0.041 mg/t in cycles I through II1, respectively. Concentrations of
nitrate-nitrogen initially increased after loading and reaeration, foliowed by
rapid declines in the first and second cycles. No data were obtained for nitrate
during the third cycle. Total organic carbon levels exhibited an initial rapid
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Table 8 )
Brown’'s Lake Sediment-Water Fluxes
Number of Flux Standard Error
Substance DO mght Measures mg/m*/day mg/m?/day
Sediment 52 4 1120 299
O n [
D:ﬁf:nd <2 1 - 320 205
Ammonium >2 4 -757 1.00
<2 11 7.34 3.49
Nitrate =2 4 8.71 1.10
<2 11 477 4,61
Phosphate »2 4 -4.39 343
<2 1 21.3 11.3
Total Organic | > 2 4 -1284 1275
Carbon
<2 9 725 707
Total Inorganic | » 2 2 1405 1208
Carbon
<2 0
! Positive fluxes are from sediment to water.

increase followed by a sharp decrease in the first cycle after loading. Concen-
trations averaged 9.06 mg/¢ at day 1 and fell to 0.998 mg/¢ by day 40. Total
organic carbon levels remained low for the remainder of the study. Total
inorganic carbon level followed the same trends as the TOC except for a rapid
high peak in the first few days of cycle II.

Chesapeake Bay Column Study

Dissolved oxygen, nutrient, and carbon concentrations and fluxes are pre-
sented in Figures 10 and 11. Sediment-water fluxes are summarized in
Table 10. Results are presented separately for DO greater than 2 g m and
less than 2 g m™3. Concentrations and fluxes are listed completely in
Appendix A. Dissolved oxygen levels followed the same trends as in thie
‘previous tube and column studies. Concentrations decreased from 7.84 mg/¢
to an average of 0.01 mg/l over a 42-day period. Ammonium-nitrogen levels
initially increased followed by a decline to steady state in approximately
30 days as in the previous column studies. Ammonium levels reached a peak
of 0.055 mg/¢. Orthophosphate-phosphorus levels exhibited the same trend,
reaching a peak 0.053 mg/¢ at day 14. Concentrations of nitrate-nitrogen
rapidly increased and began to sharply decline within 2 weeks after initiation
of testing. Total organic and inorganic carbon concentrations exhibited

Chapter 4 Results
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Table 9 1 !
Rathbun Lake Sediment-Water Fluxes' . _[
Number of Fiux Standard Error
Substance DO mgrt Measurements (mglmzlday) {mg/m?/day) J
Sediment z2 8 -460 145
o) n
D:rnq:;ld <2 11 - 46 28
Ammonium 2 8 1.2 0.62
<2 11 - 1.0 0.49
Nitrate 22 8 4.36 0.86 . l
<2 11 136 0.36 7'
Phosphate >2 8 1.26 - 0.39 i
<2 11 - 0.42 0.35
Total Organic 22 8 1060 1070
Carbon
. <2 11 - 69 69
Total Inorganic | » 2 8 564 309
Carbon
<2 " -227 145
¥ Positive fluxes are from sediment to water.

identical trends with initial rapid increases followed by slower decreases in
concentration.

Eau Galle Reservoir Column Study

Dissolved oxygen, nutrient, and carbon concentrations and fluxes are pre-
sented in Figures 12 and 13, Sediment-water fluxes are summarized in
Table 11. Results are presented separately for DO greater than 2 g m™3 and
less than 2 g m™3, Concentrations and fluxes are listed completely in
Appendix A. Dissolved OXygen concentrations decreased from 8.00
to 0.03 mg/e over an 86-day period. - Ammonium-nitrogen levels exhibited
similar trends to the previous sediments. Concentrations reached a steady state
of 0.050 mg/¢ in 2 months, then declined after day 80. Phosphate concentra-

organic carbon levels initially increased and then dropped, fluctuating around
0.050 mg/{ after 30 days. Total inorganic carbon concentrations rapidly
increased after day 0, and then began a slow decline to 2 .45 mg/¢ by the end
of the study.
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Table 10 , ;
Chesapeake Bay Sediment-Water Fluxes
‘ Number of Flux Standard Error

Substance DO mg/t Measures mg/m%/day mg!mziday
Sediment 22 4 275 182
Oxygen
D::{ngand <2 14 -9 16
Ammonium 22 4 -0.34 1.18

<2 14 C.16 0.31
Nitrate >2 0

<2 5 0.32 1.12
Phosphals - >2 4 -0.55 0.94

<2 14 -0.09 0.30
Total Organic | » 2 4 30 L
Carbon )

<2 11 _ -32 49
Total Inorganic | > 2 4 101 295
Carbon

<2 11 77 96
! Positive fiuxes are from sediment to water.

Chicago River Column Study

Dissolved oxygen, nutrient, and carbon concentrations and fluxes are
presented in Figures 14 and 15. Sediment-water fluxes are summarized in
Table 12. Results are presented separately for DO greater than 2 g m™ and
fess than 2 g m™. Concentrations and fluxes are listed completely in
Appendix A, Chicago DO and nutrient concentrations exhibited very similar
behavior to those of the Eau Galle study. Dissolved oxygen levels decreased
to an average of 0.04 mg/ in 86 days. Ammonium-nitrogen concentrations
reached a steady state of 0.057 mg/¢ in 40 days, then declined after 80 days.
Orthophosphate increased over 80 days and then declined. Total organic car-
bon concentrations initially increased and declined to an average of 0.060 mg/¢
in approximately 30 days. Total inorganic carbon levels increased to
6.37 mg/¢ and then slowly declined to 3.2 at the end of the study.
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Table 11
Eau Galle Reservoir Sediment-Water Fluxes'
Number of Flux Standard Error
Substance DO mg/t Measures mg/m?/day mg/me/day
Sadiment >2 2 169 63
Oxygen
Ammonium >2 2 0.74 0.16
<2 B -0.53 0.24
Nitrate >2 0
<2 0
Phosphate >2 2 -0.87 0.20
<2 8 -0.14 0.23
) Total Organic »2 2 52 2
1 Carbon .
1 <2 6 6 7
Total Inerganic | » 2 2 59 35
Carbon "
; <2 6 53 . 18
| ! Positive fiuxes are from sediment to water,
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l Table 12
Chicago River Sediment-Water Fluxes’

Number of Fiux Standard Error
Substance DO mg/t Measures mg/m%/day mg/m*/day
Sediment 22 Y]
Oxygen
Demg:nd <2 8 17 10
Ammoniurn z2 0
<2 8 -0.79 0.26
Nitrate >2 0
<2 0
Phosphate 22 0
<2 8 -0.84 0.31
Total Organic >2 0
Carbon -
<2 7 0 12
. Total Inorganic | »2 0
Carbon
<2 B8 91 72
1 Posttive fluxes are from sediment to water,
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5 Discussion

Test Tube Study |

Dissolved oxygen concentrations in this study showed a decrease in the rate
of DO depletion once oxygen levels fell below 2 mg/t. Similar findings were
reported by Wang (1981), who observed sharp initial decreases of residual
oxygen, followed by a tendency to taper off after levels fell below 2 mg/t.

Ammonium will diffuse to the surface of a sediment, and if oxygen is
present, will be nitrified to nitrate. Ammonium-nitrogen levels in the test
increased over time and leveled off after day 15. If a system is anaerobic,
nitrification does not occur and ammonium accumulates in the water column
(Klapwijk and Snodgrass 1986). Ammonium releases to the water column
may have leveled off due to limitations in the organic nitrogen levels in the
sediment. In anaerobic systems, microbial activity may result in direct
mobilization of inorganic phosphorus through the degradation of organic
matter or through dissolution of phosphate-adsorbing iron oxyhydroxides
(Ryding 1985). The sharp increase in orthophosphate concentrations by day
36 of the sample interval may have resulted from these processes. - At this
time, DO levels in the water column were essentially Q.

Test Tube Study Il

No significant differences were observed in DO depletion or nutrient release
among the three organic matter treatment levels. These results suggest that the
rate of oxygen supply to the sediment limited the utilization of these sub-
strates. Dissolved oxygen depletion rates exhibited the same behavior as in
Study I. The SOD rate mirrored the dissolved oxygen depletion rate. Dis-

- solved oxygen concentrations in water overlying sediments can be considered a
factor affecting SOD rates; as the DO concentration decreases, so does the
SOD rate (Hicks 1990).

Ammonium-nitrogen levels increased in all amendments, but did not level
off as in Study 1. This may be a result of the addition of a source of organic

36
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matter which allowed for a prolonged period of mineralization of organic-
nitrogen to ammonium, Differences among treatments were not significant.

Phosphorus release can be promoted in anaerobic botiom waters due to the
microbially mediated reduction of Fe>* to Fe*, and dissolution of the
phosphate-adsorbing ferric oxyhydroxide (Ryding 1985). Orthophosphate-
phosphorus concentrations initially increased and then decreased in all three
amendments. The decline in ghosphorus concentrations may be a resuit of
phosphate interacting with Al + or Cat to form insoluble precipitates. Alter-
natively, phosphate may be sorbed to colloidal oxides, hydroxides, and carbon-
ates (Ryding 1985).

Nitrate-nitrogen concentrations increased as initial releases of ammonium
were nitrified. Nitrate levels decreased markedly when DO concentrations
reached approximately 1 mg/¢. Nitrate did not completely disappear from the
system, indicating the presence of some oxygen in the overlying water. Nitrate
will move downward by diffusion and undergo denitrification in the sediment
(Ponnamperuma 1972). However, very little denitrification takes place until all
oxygen has been depleted (Gunnison, Engler, and Patrick 1985).

Total organic carbon levels in the overlying water began to decrease when
DO levels fell below 1 mg/t. Gunnison, Chen, and Brannon (1983) reported
that a decrease in concentration of soluble TOC in the water column was
strongly correlated with a decrease in DO depletion rate. Dissolved oxygen
depletion rates decreased by day 11 of sampling, corresponding to a decrease
in TOC in the same period.

Column Studies

Much of the activity observed in the sediment-water columns took place in
the water. Often, transformations in the BOD bottles equaled or exceeded
activity in the columns. Mean sediment-water fluxes, corrected for activity in
the water alone, were small relative to fluxes reported for sediments similar to
those in the WES studies. Many of the mean fluxes that were measured
cannot be differed significantly from zero. Several hypotheses can be
advanced to explain the inert nature of the sediments. No single hypothesis
explains all the experiments. Several are likely to have influenced the WES
resuits. Sediments may be inert for the following reasons!

a. System characteristics. Substantial SOD and nutrient release occur only
from sediments that receive substantial loads of organic particles. One
or more of the WES sediments may have come from a system which
received minimal organic loading.

b. Sample collection time. Deposition to sediments varies throughout the
year. For example, deposition is usually large following an algal bloom
in surface waters. One or more of the WES sediment samples may
have been collected at a time in which deposition was minimal.

Chapter 5 Discussion
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c. Sample holding time. The WES samples were held in a cold room for
1 to 7 months following collection. Although the cold storage should
have restricted activity in the sediments, the holding time may still have
been too long. '

d. Sample collection method. Sediment activity decreases as a function of
depth below the sediment-water interface. Deeper sediments are older
and contain little or no remaining reactive organic matter. The dredge
was intended to sample only active, surficial sediments, but a large
fraction of deeper, inert sediments may have been collected as well.

38
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6 Conclusions and Plans for
Future Activities

The WES team has developed apparatus and protocol suitable for laboratory
investigations of sediment-water exchange processes. The apparatus may also
be suitable for laboratory measurement of actual environmental sediment-water
oxygen and nutrient fluxes.

One purpose of these experiments was creation of a database for testing
predictive SOD and nutrient flux model. Observations collected in the experi-
ments are presently being examined within the model framework. Initial
model simulations of the WES experiments have been conducted. This work
will be the subject of an upcoming report,

In June, a field trip is planned for observation of in situ sediment flux
measurement in Chesapeake Bay. One purpose of this trip is to evaluate the
suitability of the device for use by the Corps. Sediments will be collected at
the same time the in situ measures are conducted. These sediments will be
retumed to WES and immediately set up in the WES measurement device.
These measures will be compared with the in situ measures collected in the
Bay. The comparison will provide the first indication whether the WES device
is suitable for measuring fluxes in the environment. The comparison will also
provide insight into the effects of sample collection and holding time on the
WES measurements.

As part of the modeling activity, prediction of sediment iron and manganese
release is being added to the sediment model. The initial formulation of the
model is complete. Comparison to existing Corps observations of iron and
manganese release is next. Collection of additional observations to validate
the model may be necessary. In that case, WES investigators will add iron
and manganese to the suite of variables observed in the laboratory
experiments.
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